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Diagnosis of Koi Herpesvirus (KHV) Disease in Japan
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Abstract

The koi herpesvirus (KHV) disease was designated as a “Specific Disease” in a Japanese law amended
on June 30, 2003. The Ministry of Agriculture, Forestry and Fisheries officially announced the first case
of KHYV disease in cultured common carp Cyprinus carpio in Japan in early November 2003. At that
time, the Prefectural Fisheries Experimental Stations (PFESs), which belong to local government, lacked
sufficient equipment and skill required to conduct a polymerase chain reaction (PCR) tests for KHV
detection. Therefore, at first, most PCR tests for KHV were carried out at the National Research Institute
of Aquaculture (NRIA), Fisheries Research Agency (FRA). The NRIA gave a short training course of
PCR for the research staff of PFESs in mid-November. According to the established guideline for the KHV
disease, the PFESs now conduct epizootic and routine clinical examinations on diseased fish followed by
PCR test to detect viral DNA in the tissues. When there is a positive reaction with the PCR test, the sample
is sent to the NRIA for further confirmation by PCR. Virus isolation on the KF-1 cell line is also tried, but
confirmatory diagnosis is based on the results of PCR tests. By the end of 2003, the NRIA has accepted
529 individuals of 87 cases to be diagnosed and KHV-infected carp have been found in 23 out of 47
prefectures.
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Diagnosis System for Exotic Diseases and disease should be conducted in accordance

Koi Herpesvirus

Some diseases are designated as “Specific
Disease” in Japanese law. These are
principally exotic diseases that have the
potential to devastate the aquaculture industry
in Japan such as spring viremia of carp (SVC)
and viral hemorrhagic septicemia (VHS) of
salmonid fish. For such diseases, protective
guidelines have been established. The
guidelines provide etiological information,
diagnostic procedures, descriptions of the
symptoms and other important characteristics
of the disease. Laboratory diagnosis of the

with these guidelines.

A newly isolated herpes virus, designated
as koi herpesvirus (KHV), was first reported
as a causative pathogen of mass mortality
among common and ornamental (koi) carp
Cyprinus carpio cultured in Israel and the
USA in 1998 (Hedrick ef al., 2000). A similar
virus was also isolated after massive mortality
of carp in Germany (Neukirch and Kunz,
2001) and Israel (Perelberg et al., 2003), and
the virus, isolated in Israel, was identified as
carp nephritis and gill necrosis virus (CNGV)
based on the histopathological results (Ronen
et al.,2003).
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Subsequently, this viral infection has been
observed in western Europe since 2000*,
Indonesia in the spring of 2002** and Taiwan
in the fall of 2002 (Tu ef al., 2004), revealing
that this disease is rapidly spreading
worldwide in carp-trading countries.

In Japan, there had been no such mass
mortality in carp, and KHV had not been
detected by a survey conducted in Niigata

Prefecture (Amita ef al., 2002). It has been
shown that KHV is highly contagious and
virulent in juvenile and adult carp (Hedrick et
al., 2000; Perelberg et al., 2003).

Therefore, KHV infection was designated
as a “Specific Disease” by a Japanese law
amended on June 30, 2003, and an inspection
procedure was established as a part of the
guidelines (Fig. 1).

*. Le Deuff, R.-M., K. Way, L. Ecclestone, P. F. Dixon, A. M. Betts, D. M. Stone, O. Gilad, and
R. P. Hedrick (2001): Abstract of the 10th International Conference of the European

Association of Fish Pathologists, p 57.

*2. Sunarto A., Taukhid, A. Rukyani, H. Supriyadi, I. Koesharyani, H. Huminto, D. R.
Agungpriyono, F. H. Pasaribu, Widodo, D. Hardiawan, P. Rukmono and Nilawati (2002):
Abstract of the 5th Symposium on Diseases in Asian Aquaculture, p 106.
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Fig. 1. Inspection procedure for KHV according to the Japanese guidelines.
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According to the procedure, the
Prefectural Fisheries Experimental Stations
(PFESs), which belong to local government,
first conduct epizootic and routine clinical
examination on diseased fish. The most
important epizootiological aspect of the KHV
disease is that it only affects carp Cyprinus
carpio and occurs apparently only in a limited
range of temperature from 18 to 28C
(Hedrick et al., 2000; Gilad et al., 2003).
Therefore, the water temperature and affected
species of fish should be determined during a
field examination.

Few external signs are usually visible, but
pale and necrotic gills are frequently evident.
Flavobacterium  columnare (=Flexibacter
columnaris) infection and some protozoan
parasites, such as Chilodonella and
Trichodina, are sometimes found on necrotic
gill lesions, easily leading to misdiagnoses.

If any doubt remains as to the presence of
KHYV, a polymerase chain reaction (PCR) test
can be used to detect KHV DNA in the tissues
of fish. The PCR method described by Gray
et al. (2002) was adopted in the inspection
procedure as the primary examination to be
conducted by the PFESs.

When the PCR test was positive for KHYV,
the sample is sent to the National Research
Institute of Aquaculture (NRIA), Fisheries
Research Agency (FRA), for further
examination by the PCR methods of both
Gilad et al. (2002) and Gray et al. (2002) for
confirmation. Virus isolation on the KF-1 cell
line is also attempted using the KF-1 cell line
(Hedrick et al., 2000). Because of the
difficulty of isolating the virus in the cell line,
the results of the isolation trial is treated as
supplementary data, and confirmation of
KHYV is solely based on the results of the PCR
examinations.

Occurrence of KHVD in Japan and
Practical Diagnosis of the Disease

The mortality among common carp
cultured in net pens at Lake Kasumigaura
increased since the beginning of October
2003, when the water temperature of the lake
was 16-18°C. The fish swam lethargically
near the water surface. There were no marked
external signs in the most of the affected fish,
but a whitish mucous-like substance on the
body surface, redness of the fin and body, fin
rot, and discoloration of the gill with some
necrosis were sometimes observed.

The mortality was over 60% in the most
severe cases, especially in larger carp over 2
years old. The losses of the cultured carp
were estimated to be 660 tons by early
November and reached approximately 1,200
tons by  mid-November, = which is
approximately 1/4 of the annual production of
the lake.

External parasites, such as Chilodonella,
Trichodina, and  Gyrodactylus,  were
sometimes seen on the necrotic gill of the
affected fish. Marked histopathological
changes were observed in the gill of the
diseased carp (Fig. 2).
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Fig. 2. A tissue section of the gill from
affected common carp cultured at Lake
Kasumigaura. Arrowheads indicate
secondary lamellae, H&E stain.

The secondary lamellae were often fused
with hyperplastic branchial epithelium where
cell necrosis or the infiltration of lymphocytes

Sample No.1  No.2

were often observed. Congestion and
hemorrhage were sometimes observed. In
some cases, the branchial tissues were
severely degraded and numerous bacteria
were seen in those lesions. These
histopathological changes are similar to those
of the previous reports (Hedrick et al., 2000;
Tu et al., 2004). Unlike previous report
(Hedrick et al., 2000), nuclear changes
characterized by hypertrophy and margination
of chromatin were rarely observed. No
bacteria was dominantly isolated from the
kidney of affected fish were observed on
trypticase soy agar.

The PCR test for KHV revealed specific
bands amplified by the methods of Gray et al.
(2002) and Gilad et al. (2002) (Fig. 3).

No.3 No.4
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Fig. 3. Gel electrophoresis of the products (292bp) amplified with the primer set sph I-5 of Gray
et al. (2002) from the extracted sample of gill and kidney of affected fish cultured in Lake
Kasumigaura. M: marker, Pc: positive control, Nc: negative control. 1% agarose gel stained with

ethidium bromide.

The sequence of the amplicon by the
to the sequence deposited in the GenBank at
accession no. AY568951, and that by the
primer set of Gilad et al. showed 99%
matching to AF411803.

The Ministry of Agriculture, Forestry
and Fisheries (MAFF) of Japan officially
announced the first case of KHV in Japan
on November 2, 2003. At that time, the
PFESs did not have sufficient equipment
and technology for conducting PCR tests for

primer set of Gray ef al. was identical

KHYV detection. Therefore, at first, most of
the PCR tests for KHV were carried out at
the NRIA.

The NRIA gave a short training course
of PCR for KHV for the research staff of
PFESs in mid-November. PCR inspection
for KHV was then established in Japan in
accordance with the procedure in the
guidelines.
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Evidence of the Presence of KHV before
the Outbreak at the Lake Kasumigaura

Independently of the Lake Kasumigaura
outbreak, a massive loss in excess of 10,000
carp occurred in some rivers and a lake in
Okayama Prefecture in late May to mid-July
2003. However, in November 2003, the
NRIA detected KHV DNA by PCR in
samples of diseased fish stored in a freezer.
This demonstrates that KHV had been
introduced into Japan by May 2003, well
before the Lake Kasumigaura outbreak.

The Spread of KHYV in the Fall of 2003

The KHV-infected common carp cultured
in Lake Kasumigaura had been transferred to
the other areas in Japan before the first
detection of the KHYV, and, therefore, the virus
had spread as a result. In some facilities,
mortalities of carp with KHV were reported.
However, in many cases, KHV was detected
in carp when there was no mortality in the
facility. This could be attributed to the fact
that the water temperature was gradually
decreasing at the time. By the end of 2003,
the NRIA has diagnosed 529 individuals of 87
cases, and KHV had been found in 23 out of
47 prefectures in Japan. However, half of
the cases had no obvious relations with the
Lake Kasumigaura.

Acknowledgment

We are grateful to Dr. Ronald P. Hedrick
of the University of California, Davis, USA,
for his invaluable suggestions, which led to
the establishment of the guidelines for KHV
infection in Japan, and for providing a cell
line and virus isolate. We also thank the
Ibaraki Prefectural Experimental Station and
the Okayama Prefectural Experimental
Station for providing sample fish, and also
thank the staff members of the Aquatic
Animal Health Division of the National
Research Institute of Aquaculture for
diagnosing the KHV.

This study was partially supported by a grant
from the Ministry of Agriculture, Forestry and
Fisheries of Japan.

References

Amita K., Oe M., Matoyama H., Yamaguchi
N. and Fukuda H., 2002: A survey of
koi herpesvirus and carp edema virus in
color-carp cultured in Niigata Prefecture,
Japan. Fish Pathol., 37, 197-198.

Gilad O., Yun S., Andree K. B., Adkison M.
A., Zlotkin A., Bercovier H., Eldar A. and
Hedrick R. P., 2002: Initial characteristics
of koi herpesvirus and development of a
polymerase chain reaction assay to detect
the virus in koi, Cyprinus carpio koi. Dis.
Aquat. Org., 48, 101-108.

Gilad O., Yun S., Andree K. B., Adkison M.
A., Way K., Willits N. H., Bercovier H.
and Hedrick R. P, 2002: Molecular
comparison of isolates of an emerging fish
pathogen, koi herpesvirus, and the effect
of water temperature on mortality of
experimentally infected koi. J. Gen. Virol.,
84,2661-2668.

Gray W. L., Mullis L., LaPatra S. E., Groft J.
M. and Goodwin A., 2002: Detection of
koi herpesvirus DNA in tissues of infected
fish. J. Fish Dis., 25, 171-178.

Hedrick R. P, Gilad O., Yun S., Spangenberg
J. V., Marty G. D., Nordhausen R. W.,
Kebus M. J., Bercovier H. and Eldar A.,
2000: A herpesvirus associated with mass
mortality of juvenile and adult koi, a
strain of common carp. J. Aquat. Anim.
Health, 12, 44-57.

Neukirch M. and Kunz U., 2001: Isolation
and preliminary characterization of
several viruses from koi (Cyprinus
carpio) suffering gill necrosis and
mortality. Bull. Eur. Ass. Fish Pathol., 21,
125-135.



64

Motohiko SANO et al.

Perelberg A., Smirnov M., Hutoran M., Steinitz M. and Kotler M., 2003:
Diamant A., Bejerano Y. and Kotler M., Efficient vaccine against the virus causing
2003: Epidemiological description of a a lethal disease in cultured Cyprinus
new viral disease afflicting cultured carpio. Vaccine, 21, 4677-4684.
Cyprinus carpio in lIsrael.  Israeli J. Tu C., Weng M.-C., Shiau J.-R. and Lin S.-Y.,
Aquat. — Bamidgeh, 55, 5-12. 2004: Detection of koi herpesvirus in koi

Ronen A., Perelberg A., Abramowitz J., Cyprinus carpio in Taiwan. Fish Pathol.,

Hutoran M., Tinman S., Bejerano I, 39, 109-110.



	CONTENTS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




